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1.  INTRODUCTION 


This  report  presents  the  findings  of  and  summarizes 
the  research  activity  for  the  12-month  interval  1 July  1974 
through  30  June  1975-  During  that  time  principal  effort  was 
devoted  to  gathering  and  analyzing  body-  (mD)  and  surface- 
wave  (Me)  magnitudes  for  small  and  intermediate  magnitude 
events  in  and  near  Eurasia,  in  order  to  seek  out  shallow 
depth  earthauaxes  which  appear  anomalous  according  to  the 
ra^Ms  criterion.  In  the  next  phase  of  the  study  we  shall 
concentrate  on  seeking  explanations  as  to  why  certain  earth- 
quakes are  anomalous  according  to  that  criterion,  and,  if 
possible,  in  developing  a methodology  to  predict  where  such 
anomalous  earthquakes  will  occur. 

The  procedures  used  in  determining  m^  and  M3  values  are 
standard  ones.  However,  Inasmuch  as  there  are  slight  dif- 
ferences among  investigators  in  applying  the  standard  pro- 
cedures, a brief  description  of  our  methods  will  be  given. 

The  rnt,  values  are  determined  by  use  of  the  Gutenberg- 
Rlchter  (1956)  equation 


rab  - l°g  (A/T)  + Q(h,£  ) 


(1) 


wnere  (A/T;  is  taken  as  onc-half  the  maximum  peak-to-peak 
motion  (in  microns/second)  in  the  first  three  cycles  of  the 
vertical  component  of  the  P-wave  ground  motion  in  the  period 
range  of  0.7  to  1.3  seconds.  As  a further  restriction  we 
determine  m^  values  only  from  stations  at  teleselsmlc  dis- 
tances, J.e.  greater  than  or  equal  to  25°,  because  at  lesser 
distances  the  lateral  variations  in  upper  mantle  structure 
maxe  the  function  Q dependent  on  geographical  region. 

The  Ms  values  are  determined  by  use  of  the  IASPEI 
formula  (Bath,  1969) 

Ms  = 3.30  + 1.66  log  & + log  (A/T)  for  2b°  ± A _<  140°  (2) 
and  the  Nuttll-Kim  (1975)  formula 


Ms  = 4.Io  + 1.07  log  A + log  (A/T)  for  10°  A £ 25°  (3) 
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where  (A/T)  Is  taken  as  one-half  the  maximum  peak-to-peak 
motion  (in  microns/second)  of  the  vertical  component  of  the 
Rayleigh-wave  ground  motion  in  the  period  range  of  17  to 
23  seconds.  The  quantity  A is  the  epicentral  distance, 
measured  in  degrees. 

The  mb  value  is  a measure  of  the  ground -motion  spectrum 
at  a period  of  1 second  and  the  Ms  value  a measure  of  the 
ground-motion  spectrum  at  a period  of  20  seconds.  Prom  this 
it  follows  that  surface-wave  magnitude  formulas  that  pretend 
to  measure  M5  by  making  use  of  shorter  period  surface  waves 
(e.g.  the  formulas  of  Karnik  et  al,  1962;  Evernden  et  al, 

1971;  Basham,  1971;  Nuttll,  1973)  cannot  be  valid  over  the 
entire  range  of  magnitudes  because  the  shorter  period  motion 
does  r.ot  scale  the  same  as  the  20-3econd  period  motion  over 
the  entire  range  of  magnitudes  (see,  e.g.,  Aki,  1967,1972; 

Duda  and  Nuttli,  1974). 

2.  THE  DATA 

Table  1 gives  the  hypocentral  coordinates  and  geographi- 
cal location  of  the  155  earthquakes  and  4 underground  explo- 
sions that  are  the  subject  of  this  report.  All  occurred  in  or 
near  Eurasia  during  the  interval  1 January  1972  through  30 
June  1972,  and  all  were  found  to  be  of  shallow  depth  by  the 
NSIC  (National  Earthquake  Information  Center) . Independent 
depth  estimates  made  by  the  ISC  (International  Selsmologlcal 
Centre)  are  also  given  in  Table  1. 

Table  2 gives  the  mb  and  Mg  values  of  the  events  studied. 
Standard  deviations  of  the  mean  of  the  mb  and  Ms  values  de- 
termined by  us  are  also  included.  The  symbol  Mg  refers 
to  surface-wave  magnitude  determined  from  the  vertical  compo- 
nent of  tne  Rayleigh-wave  motion,  and  the  symbol  Ms,l  to 
surface-wave  magnitude  determined  from  the  Love-wave  motion. 
Because  for  underground  explosions  Ms  l 13  one  or  more  units 
less  tnan  Mo  whereas  for  earthquakes  they  are  of  about 
the  same  value,  the  Mn  Mo  ^ value  is  another  useful  dis- 
criminant oetween  earthquakes  and  explosions.  The  Mq  t values 
given  in  this  report  were  determined  from  the  data  of' Horizon- 
tal-component instruments  that  were  transverse  (within  20°) 
to  the  ray  path  at  the  seismograph  station. 

3.  INTERPRETATION  OF  THE  DATA 
3 • 1 . mD  estimates 

Table  2 contains  3 independent  estimates  of  the  mb  value 
of  each  event.  The  NEIC  and  ISC  estimates  are  based  on  ampli- 
tude data  sent  by  individual  seismograph  stations  to  a central 
agency.  Our  estimates,  on  the  other  hand,  are  based  on  ampli- 
tudes read  by  us  from  film  copies  of  WWSSN  seismograms  for  a 
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j*  -i.ee tea  number  o 1 stations.  In  general  the  number  of  sta- 
tions employed  by  us  to  estimate  is  less  than  that  used 
oy  NEIu  and  ISo,  because  we  used  only  a selected  group  of 
stations  and  because  we  do  not  use  amplitude  data  from  sta- 
tions at  epicentral  distances  of  less  than  25°. 


To  compare  the  3 sets  of  m^,  estimates  with  each  other, 
we  first  found  the  difference  between  the  NEIC  values  (arbi- 
trarily taker,  as  standard)  and  the  ISC  and  our  values.  Fig. 

1 shows  histograms  for  the  absolute  value  of  these  magnitude 
differences,  broken  down  into  3 magnitude  ranges.  For  the 
ranges  4.1  mb  <_  4.5  and  4.6  mb  <_  5.0  approximately  50^ 
of  the  deviations  are  no  greater  than  0.1  unit,  and  for 

5 • 1 £ mb  £ 5.5  approximately  60&  of  the  deviations  are  no 
greater  than  0.1  unit.  Therefore,  on  the  average,  differences 
in  the  3 sets  of  mb  values  are  not  large  enough  to  affect  the 
values  used  in  the  mb: Ms  criterion.  There  are  exceptions, 
however.  As  can  be  seen  in  Fig.  1,  the  absolute  deviations 
were  as  large  as  1.2  units.  In  particular,  for  earthquakes 
in  Italy,  Yugoslavia  and  the  Greenland  Sea  the  NEIC  values 
In  some  cases  were  0.9  or  more  unlt3  larger  than  the  ISC  or 
our  values.  We  have  found  that  in  general  the  NEIC  tends  to 
overestimate  mb  values  in  Central  Europe. 


3 • 2 . Standard  deviation  of  mh  and  Ms  estimates 

Fig.  2 presents  histograms  showing  the  standard  devia- 
tion of  our  mb  and  values.  The  figure  shows  that  the 
majority  of  the  values  of  the  standard  deviation  of  mb  fall 
in  tne  range  cf  0.3  to  0.4  units;  the  corresponding  value  for 
M3  is  0.3  units . 


3.3-  Plots  of  mb: Mq  data 

Figs.  3,  4 and  5 present  the  mb:  Mo  values.  For  Fig.  3 
tne  m0  values  are  those  of  the  NEIC,  for  Fig.  4 these  of  the 
ISC  and  for  Fig.  5 the  mb  values  are  ours.  In  all  cases  the 
m3  values  are  ours,  Inasmuch  as  the  ISC  gave  no  Me  values  and 
the  NEIC  gave  them  for  only  a few  earthquakes. 

The  solid-line  curve  in  Figs.  3,  4 and  5 is  the  mb:  Ms 
curve  for  Nevada  Test  Site  explosions  given  by  Evernden 
et  al  (1971)  when  they  used  the  amplitude  of  20-second 
period  Rayleigh  waves  to  determine  Ms . This  curve  was  shown 
°°  satisfy  the  data  for  Soviet  underground  explosions  which 
tooK  place  from  1 August  1971  through  31  December  1971  (Nuttli 
and  Kim,  1975). 


1 he  dotted  line  in  Figs.  3>  4 and  5 13  the  5$  earthquake 
line  of  Marshall  and  Basham  (1972).  That  is,  Marshall  and 
Basham  found  that  95^  of  the  earthquakes  they  studied  had 
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m0: Ms  values  that  fell  to  the  right  of  the  dotted  line. 

The  dashed  line  in  Pigs.  3,  4 and  5 is  displaced  0.46 
units  to  the  right  and  below  the  solid-line  curve,  as 
measured  perpendicular  to  the  solid-line  curve.  The  number 
0.46  was  arrived  at  by  taking  the  vector  resultant  of  the 
average  of  the  mp  and  Mg  standard  deviations,  whose  values 
were  given  in  section  3.2. 

Using  the  NEIC  mb  values  and  our  Me  values,  the  follow- 
ing earthquakes  fall  to  the  left  of  both  Marshall  and  Basham's 
(1972)  and  our  curve:  1,  16,  22,  31,  54,  62,  76,  79,  66,  91, 

101,  106,  111,  116,  120,  123,  131,  133,  134,  135,  137,  146, 

140,  156,  157,  156.  In  addition,  events  45,  102,  117,  130,  136 
fall  to  the  left  of  Marshall  and  Basham's  curve  and  events  21, 
36,  43,  76,  77,  107,  110,  145  fall  tc  the  left  of  our  curve. 
Using  the  ISC  mp  values  and  our  Mg  values,  events  11,  31,  54, 

79,  103,  111,  123,  136,  146  fall  to  the  left  of  both  curves, 
events  1,  45,  91,  130  to  the  left  of  the  Marshall  and  Basham 
curve  and  events  21,  43,  106.  129,  145  to  the  left  of  our  curve. 
Using  our  mp  and  Mg  values,  events  37,  103,  145,  146  fall  to 
the  left  of  both  curves,  event  45  to  the  left  of  the  Marshall 
and  Basham  curve  and  events  43,  55,  73,  133.  146  to  the  left 
of  our  curve . 

Prom  the  above,  as  well  as  from  Pigs.  3,  4 and  5,  we  can 
conclude  that  the  NEIC  mj-j  values  tend  to  be  larger  than  the 
ISC  or  our  mp  values  and  thus  give  rise  to  the  largest  number 
of  apparently  anomalous  earthquaKes.  This  is  not  too  sur- 
prising, for  the  NEIC  Is  the  first  organization  i publish 
hypocentral  and  magnitude  data  . Thus  the  only  stations  that 
send  amplitude  data  to  NEIC  are  those  with  relatively  strong 
P arrivals.  The  ISC  and  our  determinations,  on  the  other  hand, 
are  made  after  an  approximate  hypocenter  is  available,  so  that 
we  know  the  time  when  the  P wave  Is  expected;  thus  we  will 
read  P-wave  amplitudes  at  stations  where  the  arrival  Is  not 
necessarily  strong. 

3.4.  Anomalous  earthquakes 

TaDie  3 gives  the  location  of  all  tne  earthquakes  found 
to  be  anomalous  by  either  the  Marshall  and  Basham  (1972)  or  our 
crlterlon(less  than  one  standard  deviation  from  tne  explosion 
curve)  and  for  any  of  the  NEIC,  ISC  or  our  mb  values.  The 
table  shows  that  most,  hut  not  all,  of  the  anomalous  earth- 
quakes occur  in  the  interior  of  Eurasia.  The  most  frequently 
appearing  anomalous  source  regions  in  Asia  are  In  Szechwan 
and  Sinklang  provinces  of  China,  Tadzhikistan,  Pakistan  and 
Tibet . 
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Love-wave  magnitudes  can  be  used  to  reduce  the  numler 
of  anomalous  events  by  making  use  of  t h-  observation  that  for 
underground  explosions  MS>L  is  observed  to  be  1 or  more  units 
smaller  than  Mg  R2,  whereas  for  earthquaxes  they  both  have 
approximately  the  same  value.  Therefore,  conservatively  it 
can  be  concluded  that  any  event  for  which  Me  T is  greater  than 
or  equal  to  M5RZ  - 0-5  must  be  an  earthquake.  By  this  crl- 

10?  U»  l6’  22’  31>  37>  43>  62>  101,102, 

103,  10o,  107,  111,  116,  117,  120,  123,  131,  133,  134  133 

13o,  146,  166,  157  can  be  definitely  identified" as  earthquakes 
even  though  their  mb:Ms>RZ  values  are  anomalous.  ’ 

When  both  the  Mg  Rz  Ms  I • Mq  oy  criteria  are  em- 
ployed,  the  list  of  anomalous  eartfiquo^a  Is  reduced  to  events 

2?>36'  ^3,  54,  55,  73,  Vo,  77,  78,  79,  86,  91,  110,  129, 
liO,  137*  145,  14b,  15b.  Of  these,  events  22,  36,  76  77  7b 

used110’  arG  an0malous  only  the  NEIC  mb  value" is 


4.  AFTERSHOCK  SEQUENCES 

Previously  it  was  noted  that  the  majority  of  anomalous 
earthquaxes  were  found  to  occur  within  Eurasia,  rather  than  on 
its  oceanic  boundaries.  It  can  be  seen  from  Figs.  3,  4 and  5 
^nc.n  in  general  the  earthquakes  in  the  interior  tend  to  lie  In 
one  more  explosion-like  part  of  the  mb:  Mo  plot.  Fig.  6 is  an 
exampie  of  an  aftershock  sequence  in  Szechwan  province  of 
„hlna  which  shows  earthquakes  that  are  anomalous  or  near- 
anomalous  by  the  mb:Mg  criterion. 

r _ thG  farth9uake3  of  16  August  (1)  and  03  Septem- 

ber lall  on  the  explosion  side  of  the  Marshall-Basham  and  our 
'“rve.  although  the  remaining  earthquakes  are  on  the  earth- 
quaxe  side  of  the  curves,  they  lie  relatively  close  to  the 
curves. 


It  is  of  some  interest  to  determine  if  the  position  of 
tne  plotted  points  in  Fig.  6 is  controlled  by  the  radiation 
of  earthquaxe  energy  or  rather  by  errors  in  reading  the  wave 

0f  contamination  by  n°ise.  In  an  attempt 
to  Investigate  this  problem,  we  have  looked  at  both  the  time 
history  and  the  spectra  of  earthquakes  no.  1,  2 and  - of  16 
August,  to  determine  if  no.  1 belongs  on  the  explosion  side 
o ^ne  curves  and  nos.  2 and  3 on  the  earthquake  side. 

Figs.  7 and  b show  the  vertical-component  Raylelgh-wa vp 
spectra  for  stations  COL  (College,  Alaska)  and  AQU  (Aqulla, 

T6e  ePlcentral  distance  to  COL  is 
dnd  t0  AQU  is  71.4  , so  that  they  are  almost  at  the  same 
distance  from  the  epicenter.  Their  ray  paths  are  entirely 
..however;  the  back  azimuth  to  COL  is  299°  and 
to  AQU  is  ob  . An  inspection  of  Figs.  7 and  b will  show 


tnat  tne  minimum  (or  hole}  In  the  spectra  occurs  at  the 
same  period,  approximately  40  seconds,  for  all  3 earthquaxes, 
indicating  that  each  of  the  earthquakes  had  the  same  focal 
depth.  Also,  we  can  see  that  the  spectral  level  of  earth- 
quaxe  2 is  the  largest,  followed  by  1 and  then  3.  Tnis 
agrees  qualitatively  with  the  Ms  values  of  the  three  earth- 
quakes . 


Pigs.  9 and  10  show  the  vertical-component  Rayleigh- 
wave  seismograms  for  COL  and  AQU,  respectively.  Prom  these 
figures  also  it  can  be  seen  that  the  largest  Rayleigh  waves 
correspond  to  earthquake  2,  and  the  smallest  to  earthquake  3. 

Figs.  11  and  12  contain  the  spectra  of  the  vertical 
component  of  the  P-wave  motion,  as  obtained  from  the  long 
period  seismograms.  Because  of  tne  dynamic  response  of  tne 
seismograph  system,  tne  spectra  ootained  from  these  instru- 
ments are  only  valid  down  to  a period  of  about  2 seconds. 
Because  a time  window  of  20  seconds  was  used,  these  spectra 
are  only  valid  up  to  a period  of  about  10  seconds.  The 
spectra  are  fitted  by  two  straight-line  segments  between  2 
and  10  seconds,  a horizontal  line  for  the  longer  period  part 
and  one  which  has  a slope  of  -2  for  the  snorter  period  part. 
The  period  at  which  the  two  lines  Intersect  is  called  the 
corner  period. 

Prom  Pigs . 11  and  12  we  can  see  that  the  amplitude  level 
of  the  T~^  curve  at  1-second  period  is  greatest  for  earthquaxe 
no.  1,  next  for  no.  3 and  least  for  no.  2.  Prom  the  m0  values 
shown  in  Pig.  6 one  would  expect  earthquake  no.  1 to  nave  the 
largest  spectral  amplitude  at  a period  of  1 second,  and  no.  2 
to  nave  a slightly  larger  value  than  no.  3- 

Figs.  13  and  14  show  the  vertical-component  short-period 
P-wave  seismograms  for  COL  and  AQU,  respectively.  In  Fig.  12 
tne  largest  P wave  occurs  for  earthquaxe  no.  1,  then  2 and 
finally  3>  as  expected  from  tne  mb  values  of  tne  3 eartnquaxes 
However,  the  P-wave  amplitudes  at  AQU  are  almost  the  same  for 
all  3 earthquakes. 

Referring  bacx  to  Pigs.  11  and  12,  we  can  see  tnat  the 
corner  period  at  COL  and  AQU  for  earthquaxe  no.  2 is  aDout 
6 seconds,  whereas  for  no.  1 and  3 it  is  about  3.3  seconds. 

Tne  longer  corner  period  for  no.  2 would  indicate  a lesser 
stress  drop  for  it  and  consequently  a nlgner  long  period  spec- 
tral level,  or  a higher  M3  value,  as  observed. 

In  summary,  the  3 earthquakes  had  about  the  same  focal 
depth  and  the  same  epicenter,  so  the  differences  in  their 
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naracteristics  cannot  be  related  to  their  location  in  tne 
. ojr  e region.  In  general,  the  differences  in  their  nk  • Mo 
vcxues  are  reflected  Doth  in  the  time  histories  of  the  ° 
snort  and  long  period,  vertical-component  motions,  and  also 
in  the  spectra  of  the  long  period  P and  Rayleigh  waves.  It 
appears  that  earthquakes  in  an  aftershock  sequence  which 
have  about  the  same  magnitude  can  have  spectra  with  differ- 
ent corner  periods,  probably  a result  of  difference  in  the 
stress  drops.  This  can  lead  to  different  mb:  Me  values  for 
earthquakes  of  about  the  same  "size."  b 


figure  15  shows  mb:  M5  values  for  the  main  shock  and 
aftershocks  of  a sequence  in  south  Sinklang  province,  China 
Tne  main  shock,  earthquake  no.  1 of  15  January,  falls 
slightly  on  the  earthquake  side  of  the  curves.  Some  of  the 
later  aftershocks  have  mb:  M3  values  lying  even  closer  to  the 
curves.  In  general  there  is  a tendency  for  the  later  after- 
shocks to  move  closer  to  the  curves,  or  to  cross  over  to  the 
explosion  side  ol  tnem.  The  same  phenomenon  can  be  seen  in 
fig.  lb,  which  is  for  an  aftershock  sequence  that  occurred 
off  tne  east  coast  of  Honshu  Island,  Japan.  For  that  sequence 
however,  none  of  the  aftershocks  had  mb:  Mo  values  that  put 
tnem  on  the  explosion  side  of  the  curve. 


A phenomenon  similar  to  that  shown  by  Figs.  6,  15  and 
j.c,  l.e.  a tendency  for  aftershocks  to  migrate  to  the  more 
exploslon-llke  part  of  the  mb:  M5  plot,  appears  in  data  pre- 
sentee: by  Landers  (1972)  for  an  aftershock  series  in  Tibet 
in  19oo,  and  in  data  presented  by  Tsai  and  Patton  (1973)  for 
uhe  San  Fernando,  California  sequence  of  1971.  The  signi- 
ficance of  their  observations  with  regard  to  nuclear  ex- 
PiOoion  discrimination  problems  did  not  appear  to  be  recog- 
nized by  these  authors,  or  at  least  not  given  much  emphasis. 


The  use  of  aftershocks  to  conceal  an  explosion  has  been 
suggested  as  one  way  to  evade  detection  of  the  explosion. 

Our  findings  that  the  later  earthquakes  in  an  aftershock  se- 
quence can  have  near  explosion-like  mb:  Ms  values,  at  least 
i or  certain  earthquake  sequences,  makes  this  evasion  tech- 
nique look  even  more  promising. 


It  should  be  emphasized  that  we  are*  not  stating  that 
ail  dftershock  sequences  show  a progression  from  more  earth- 
quake-like to  more  explosion-like  events.  hut  some  do  behave 
tnis  way,  as  shown  in  the  examples  given  above. 
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5-  CONCLUSIONS 

From  a 3tudy  of  1-35  shallow  depth  earthquaxes  and  4 
underground  explosions  in  and  near  Eurasia  we  found  that 
approximately  25/£  of  the  earthquaxes  are  anomalous  by  the 
mo:iVt5  criterion  if  the  NEIC  m^  values  are  used.  This  number 
is  reduced  to  12^  if  the  ISC  m^  values  are  used  and  to  6^ 
if  our  mb  values  are  used.  In  general  the  NEIC  has  larger 
mb  values,  particularly  for  events  in  Central  Europe. 

.by  using  both  the  mb:  Mg  and  Mg  : Mg  ^ criteria  the 
percentage  of  anomalous  earthquakes’ is  reduced  to  12jb  if 
the  NEIC  mb  values  are  used,  if  the  ISC  mb  values  are 
Uoed , and  if  cur  mb  values  are  used.  These  percentages 
might  oe  further  reduced  if  the  Love-wave  motion  were  ob- 
tained by  digitizing  the  horizontal-component  seismograms 
at  each  station  and  by  rotating  coorclnates  so  as  to  have 
one  horizontal  component  perpendicular  to  the  great-circle 
path  and  the  other  along  it.  We  intend  to  do  this  in  future 
studies  of  some  of  the  anomalous  earthquakes.  For  the  pres- 
ent, however,  we  determined  Mg  t only  from  3tatlon3  for  which 
the  great-circle  path  was  within  20°  of  the  N-S  or  E-W  direc- 
tions . 

Using  both  the  mb-' Mg  and  Mg  d/:M^  t criteria  and  either 
ohe  mb  values  of  the  ISC  or  tho3&  ^ound^by  us,  the  anomalous 
Eurasian  earthquakes  for  1 January  1972  through  30  June  1972 
are:  no.  21  (Central  Italy),  43  (Tibet),  ^ (Yugoslavia), 

(S.  Sinklang ) , 91  (N.  Slnklang),  129  (Greece-Bulgarla ) , 

IcO  (£.  Honshu)  and  145  (Caspian  Sea).  This  is  about  6%  of 
the  total  number  of  events  considered. 

A study  of  the  mb:  Mg  values  in  aftershock  sequences  in- 
dicated that  for  some  sequences  there  is  a progression  in 
time  from  a more  earthquaKe-lixe  main  shock  to  more  exploslon- 
lixe  aftershocKS.  This  is  not  necessarily  true  of  all  after- 
shock sequences,  but  for  those  in  which  it  doe3  occur  it  wouid 
tend  to  aid  in  evading  detection  of  an  explosion  set  off  in 
the  later  part  of  such  a sequence. 
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TABLE  1.  HYPOCENTRAL  COORDINATES  OF  EVENTS  STUDIED 
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Event  No . a Date  Origin  Timeb  Lat.(°N)b,c  Long . ( E)b  NEIC  ISC  Location 

88  17-04-72  02-24-49.3  34.O  72.9  45  52  Pakistan 
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Figure  1.  Histograms  of  the  absolute  value  of  the  difference  between  the 
NEIC  mb  and  those  of  the  ISC  and  of  the  present  study,  for  three 
different  NEIC  mb  intervals. 
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Figure  2.  Histograms  of  the  standard  deviations  of  the  re^  and  values. 
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■Figure  3-  ®b  vs  values  for  the  159  events  studied,  using  NEIC  ro^  values. 


Figure  4.  n?t>  vs  Mg  values  for  the  1 5>9  events  studied,  using  ISC  roh  values. 


Figure  5.  rafe  vs  l»U  values  for  the  159  events  studied,  using  our  mb  values 


Figure  6.  % vs  M3  values  for  Szechwan,  China  aftershock  sequence  of 

Auguet-Septeraber  1971 . 
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Figure  7a.  Vertical-component  Rayleigh-wave 
spectrum  for  earthquake  1 of  16  August  1971 
as  recorded  at  College,  Alaska. 
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Figure  7b.  Vertical-component  Rayleigh-wave 
spectrum  for  earthquake  2 of  16  August  1971 
as  recorded  at  College,  Alaska. 
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Figure  7c.  Vertical-component  Raylelgn-wavc 
spectrum  for  earthquake  3 of  16  August  1971 
as  recorded  at  College,  Alaska. 
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Figure  8a.  Vertical-component  Rayleigh-wave 
spectrum  for  earthquake  1 of  16  August  1Q71 
as  recorded  at  Aquila,  Italy. 
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Figure  8b.  Vertical-component  Rayleigh-wave 
spectrum  for  earthquake  2 of  16  August  1971 
as  lecorded  at  Aquila,  Italy. 
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Figure  lie.  Spectrum  of  vertical  component  of 
P-wave  motion  from  long-period  seismogram  for 
earthquake  3 of  16  August  1971 » as  recorded 
at  College,  Alaska. 
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Figure  12a.  Spectrum  of  vertical  component  of 
P-wave  motion  from  long-period  seismogram  for 
earthquake  1 of  16  August  1971 > as  recorded 
at  Aquila,  Italy. 
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Figure  12b.  Spectrum  of  vertical  component  of 
P-wave  motion  from  long-period  seismogram  for 
earthquake  2 of  16  August  1971,  as  recorded 
at  Aquila,  Italy. 
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Figure  12c.  Spectrum  of  vertical  component  of 
P-wave  motion  from  long-period  seismogram  for 
earthquake  3 of  16  August  1971,  as  recorded 
at  Aquila,  Italy. 
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figure  13.  Vertical-component.  ? waves  for  earth- 
quakes of  16  August  1971  as  recorded  oy  short- 
period  seismographs  at  College,  Alaska. 
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Figure  14.  Vertical-component  P waves  for  earth 
quakes  of  16  August  1971  as  recorded  by  short- 
period  seismographs  at  Aquila,  Italy. 


SOUTH  SINKIANG  PROVINCE 


Figure  15.  vs  Ms  values  for  south  Sinkiang,  China  aftershock  sequence 

of  January-April  1972. 


Figure  16 . vs  Mg  values  for  aftershock  sequence  of  May  1972  off  the 

ea3t  coast  of  Honshu  Island. 


